Background-High-dose dobutamine stress MRI is safe and feasible for the diagnosis of coronary artery disease (CAD) in humans. However, the assessment of cine scans relies on the visual interpretation of regional wall motion, which is subjective. Recently, strain-encoded MRI (SENC) has been proposed for the direct color-coded visualization of myocardial strain. The purpose of our study was to compare the diagnostic value of SENC with that provided by conventional wall motion analysis for the detection of inducible ischemia during dobutamine stress MRI. Methods and Results-Stress-induced ischemia was assessed by wall motion analysis and by SENC in 101 patients with suspected or known CAD and in 17 healthy volunteers who underwent dobutamine stress MRI in a clinical 1. 
H igh-dose dobutamine/atropine stress cardiac MRI (DS-MRI) is a safe and sensitive modality for the diagnosis of inducible myocardial ischemia in humans. 1, 2 Regional wall motion abnormalities (WMA) during dobutamine stress (DS) precede the development of ST-segment depression and anginal symptoms 3 and are (1) accurate for the detection of anatomically significant coronary artery disease (CAD) 1,2 and (2) predictive of clinical outcomes. 4 However, the assessment of cine images relies on the visual interpretation of regional wall motion, which is subjective and depends on the experience and training of the readers.
Clinical Perspective see p 140
In the field of DS echocardiography objective methods have been introduced, which can quantify regional myocardial strain and strain rate (SR). These techniques demonstrated incremental value for the objective detection of inducible ischemia during stress testing compared with conventional wall motion assessment. 5 However, due to its dependency on the acoustic window, echocardiography shows lower accuracy for the detection of inducible ischemia compared with DS-MRI. 1 Nonetheless, objective approaches for the quantification of myocardial strain during DS-MRI have been very limited so far.
Recently, strain-encoded MRI (SENC) has been proposed for the objective color-coded evaluation of regional myocardial strain. The ability of SENC to quantify myocardial strain has been validated in experimental and in clinical settings. 6, 7 The purpose of our study was to investigate regional myocardial strain and SR response during DS-MRI in healthy volunteers and in a cohort of subjects with suspected or known CAD. The results were compared with conventional wall motion readings, and coronary angiography deemed as the standard reference for the presence or absence of anatomically significant CAD.
Methods

Patient Population
Consecutive patients with suspected or known CAD (nϭ101) underwent DS-MRI before clinically indicated coronary angiography due to chest pain of possible coronary origin (nϭ83) or exertional dyspnoea (nϭ18). Patients were excluded because of nonsinus rhythm, unstable angina, severe arterial hypertension (Ͼ200/ 120 mm Hg), moderate or severe valvular disease, reduced ejection fraction Ͻ35%, and general contraindications to MR examination. Cardiac medications were not discontinued. Seventeen age-matched healthy volunteers also underwent high-dose DS-MRI, to acquire normal values for myocardial strain and SR response. Exclusion criteria for control subjects comprised any history, symptoms, electrocardiographic signs, or biochemical findings indicative of cardiovascular disease (normal brain natriuretric peptide and troponin T levels), evidence of systemic hypertension (baseline blood pressure Ͼ140/85), diabetes, abnormal glucose tolerance, hyperlipidemia (low-density lipoprotein Ͼ130 mg/dL) or the presence of WMA at baseline or during DS-MRI. All procedures complied with the Declaration of Helsinki, were approved by our local ethics committee, and all patients gave written informed consent.
Cardiovascular MR Examination
Subjects were examined in a clinical 1.5-T whole-body MR-scanner Achieva system (Philips Medical Systems, Best, The Netherlands) using a 5-element cardiac phased-array receiver coil. Stress cardiovascular MR images were acquired at rest and during a standardized high-dose dobutamine/atropine protocol 1 involving short breath holds and using a vector ECG for R-wave triggering. We used 4-, 2-, and 3-chamber and 3 short-axis views (apical, midventricular, and basal). Electrocardiographic rhythm and symptoms were monitored continuously, and blood pressure was measured every 3 minutes. Dobutamine was infused intravenously during 3-minute stages at incremental doses of 10, 20, 30, and 40 g/kg of body weight per minute until at least 85% of the age-predicted heart rate was reached (220Ϫage). If necessary, the last dobutamine stage was prolonged accordingly (typically from 3.0 to Ϸ3.5 to 4.0 minutes), to allow for the acquisition of all cine and SENC sequences. If at the peak dose of dobutamine infusion the target heart rate was not achieved, atropine was administrated in 0.25-mg increments up to a maximal dose of 2.0 mg. Stress testing was discontinued when the target heart rate was achieved or when one of the following occurred: new or worsening WMA in at least 1 segment, severe chest pain or dyspnea, decrease in systolic blood pressure of Ͼ40 mm Hg, severe arterial hypertension (blood pressure Ͼ220/120 mm Hg), or severe arrhythmias. In the absence of ischemia, failure to attain 85% of age-predicted maximal heart rate was considered as a nondiagnostic result.
Cine Imaging
A steady-state free-precession sequence was used to obtain the cine images of the 4-, 2-, and 3-chamber views and 3 short-axis planes (apical, midventricular, and basal), with an 8-mm slice thickness.
Typical parameters were a field of view of 350ϫ350 mm 2 , a matrix size of 160ϫ160, a flip angle of 60°, a repetition time/echo time of 2.8/1.4 ms, and an acquired voxel size of 2.2ϫ2.2ϫ8 mm 3 . The temporal resolution was 21 to 28 ms and the total scan duration was 7 to 12 seconds. Cine images were acquired at baseline and acquisitions were repeated during each stage including the peak level of dobutamine/atropin administration.
SENC Acquisition and Implementation
The SENC pulse sequence is a modified spatial modulation of magnetization tagging pulse sequence and an extension of the stimulated echo acquisition mode sequence. 8 In contrast to conventional tagging, where the tagging modulation gradient is applied in the phase-or frequency-encoding direction, in SENC the gradient is applied in the slice selection direction, orthogonal to the imaging plane. Briefly, radiofrequency pulses with ramped flip angles are applied to compensate for the tag fading caused by longitudinal relaxation and to maintain constant myocardial signal intensity throughout the cardiac cycle. By combining SENC magnitude images at 2 different tuning frequencies (low and high tuning), a SENC strain map is computed, which is then overlaid pixel-by-pixel on the anatomic image. By this way color-coded SENC functional images (maximum contraction illustrated as red and lack of contraction illustrated as white) are generated. SENC images of the 4-, 2-, and 3-chamber views and 3 short-axis planes were acquired at the same plane levels of that used for cine scans, with a 10-mm slice thickness. Typical parameters were a field of view of 350ϫ350 mm 2 , a matrix size of 80ϫ80, a flip angle of 30°, a repetition time/echo time of 25/0.9 ms, and an acquired voxel size of 4.4ϫ4.4ϫ10 mm 3 . The temporal resolution was set at 25 ms during baseline and at 15 ms during peak dobutamine infusion. The number of cardiac phases was adapted accordingly (typically 26 to 38 during baseline and 22 to 27 during stress) to cover Ϸ85% to 90% of the cardiac cycle. The total scan duration was 10 to 14 seconds during baseline and 5 to 8 seconds during peak DS. Strain-encoded images were acquired at baseline and during the peak level of dobutamine/atropin administration.
Visual Interpretation of Cine and SENC Images
For interpretation of wall motion, corresponding rest and peak stress cine images were displayed using View Forum software (Philips Medical Systems). Segmental wall motion was graded semiquantitatively using a 3-point scale (0, normal wall motion; 1, hypokinesia; 2, akinesia or dyskinesia), 9 -11 and inducible ischemia was considered present in cases of new or worsening WMA of Ն1 grade during stress. In addition, resting WMA that improved during intermediate stress and subsequently deteriorated during peak stress ("biphasic response"), were considered as diagnostic of inducible ischemia. Corresponding baseline and peak stress SENC images were displayed using Diagnosoft SENC (version 1.06, Diagnosoft Inc, Palo Alto, Calif), a software package, which allows the color-encoded interpretation of myocardial strain on SENC images. An analysis using harmonic phase algorithms was not performed with this software. Similar to wall motion analysis, a 16-segment model was used for the analysis of regional myocardial strain, which was graded semiquantitatively using a 3-point color scale (0, normal strain corresponding to red myocardium; 1, reduced strain corresponding to faded orange/yellowish myocardium; 2, severely reduced or absent strain corresponding to white myocardial tissue on strain-encoded images). For visual interpretation, differences in the color scale were carefully evaluated at baseline and during peak stress in corresponding myocardial segments, and inducible ischemia was considered present in case of strain reduction of Ն1 grade. Cine and SENC images from short-and long-axis views were evaluated visually by 2 independent observers with at least 5 years' experience in cardiovascular imaging (G.K. and D.L.) in a clinical high-volume cardiac MR laboratory (Ϸ25 to 30 DS-MRI studies per week). Both observers evaluated cine and SENC images separately and were blinded to clinical data and to the results of invasive angiography.
Quantitative Analysis of Circumferential Strain on SENC Images
Because with SENC the tagging modulation gradient is applied in the slice selection direction, for quantitative estimation of circumferential strain, round regions of interest (4 mm in diameter) were placed in basal, mid, and apical segments of the left ventricle from the 4-, 2-, and 3-chamber views at baseline and during peak DS. For each segment, the temporal course of regional myocardial strain was registered throughout the cardiac cycle, and quadratic interpolation was used to estimate the time derivative of the systolic strain and to calculate the peak systolic strain (systolic circumferential strain [Ecc] expressed in percent) and the peak systolic SR (expressed in 1/second). 12 The ratios S reserve ϭS peakϪdobutamine/ S baseline and strain rate reserve (SR reserve )ϭSR peakϪdobutamine / SR baseline were generated to evaluate strain and SR response, respectively, during DS-MRI. Normal values were assessed in healthy volunteers, and we anticipated that reduced values for strain and SR reserve would be indicative of stress-induced ischemia in patients with CAD. Registration of regional myocardial strain in a patient without CAD ( Figure 1A and 1B) showed that myocardial strain remained unchanged during peak stress (S reserve Ϸ1, curved black arrow in Figure 1C ), whereas SR increased by Ϸ2-fold (SR reserve Ϸ2, curved red arrow in Figure 1C ). On the other hand, in an ischemic segment, which demonstrated stress-induced hypokinesia, in a patient with CAD ( Figure 1D and 1E), myocardial strain decreased during peak DS (S reserve Ͻ1, black arrow in Figure 1F ), whereas SR remained almost unchanged (SR reserve Ϸ1, dotted red circle in Figure 1F ).
Quantitative Coronary Angiography and Comparison With Cine and SENC Images
Coronary angiography deemed as the standard reference for the detection of CAD and angiograms were obtained in all patients within 3 weeks from the DS-MRI study. The procedure was done according to the angiographic guidelines and at least 2 orthogonal views of every major coronary vessel and its side branches were acquired. Quantification of coronary artery stenosis was performed off-line using commercially available software (Centricity QCA, GE Medical Systems, Milwaukee, Wis). Myocardial segments evaluated on MR images were assigned to coronary vessels according to American Heart Association guidelines 13 (see Appendix 1 for details).
Statistical Analysis
Statistical analysis was performed using commercially available software (SPSS version 11.5 for Windows, SPSS Inc, Chicago, Ill) and data are presented as meanϮSD. Agreement between the 2 observers interpreting cine and SENC images was assessed using statistics. 14 Intra-and interobserver variability for quantification analysis of circumferential strain were calculated by repeated analysis of 40 representative regions of interest for strain and SR and was expressed in percentages relative to the strain and SR values. The readings were separated by 8 weeks to minimize recall bias. Differences in sensitivity and specificity were tested using McNemar 2 statistics. 15 Differences in strain and SR by stenosis severity (0%, 1% to 20%, 21% to 40%, 41% to 60%, 61% to 80%, and 81% to 100%, ie, 6 groups) were assessed with clustered regression and using Bonferroni correction for multiple comparisons. The relation between S reserve and SR reserve with the stenosis severity by angiography was assessed by second order polynomial regression analysis. According to quantitative coronary angiography each segment was dichotomously classified as nonischemic or ischemic (ie, supplied by a vessel with Ͻ50% or Ն50% stenosis) and receiver operating characteristics were used to determine the diagnostic value of S reserve and SR reserve for the detection of segmental ischemia. To compare receiver operating characteristics curves, pair-wise comparisons of areas under the curve was assessed, using Lehmann curves to account for the clustered nature of our data. 16 Differences were considered statistically significant at PϽ0.05.
Results
Demographic and Hemodynamic Parameters
Diagnostic DS-MRI examinations (positive for ischemia or negative but with achievement of the target heart rate) were achieved in 101 of 114 consecutive patients. Thirteen patients were excluded from analysis for the following reasons: in 4 cases, the target heart rate was not achieved in the absence of Figure 1 . Illustration of the strain and strain rate response during inotropic stimulation. Quadratic interpolation was used to generate strain curves in a patient without significant CAD by coronary angiography (A through C) and in a patient with single-vessel CAD of the left anterior descending (D through F). In the first subject, myocardial strain rate increased by Ϸ2-fold (C, curved red arrow), and peak systolic strain remained constant (C, black arrow), whereas in the "ischemic territory," myocardial strain decreased during peak stress (F, black arrow) and strain rate remained unchanged (F, dotted red circle). ROI indicates region of interest.
ischemia and despite maximal pharmacological stimulation; in 4 further patients stress testing was discontinued due to asymptomatic increase in systolic blood pressure Ͼ220 mm Hg (nϭ1) or on patient's request (nausea in 2 cases and panic attack in 1 case), whereas repeated extrasystoles during stress resulted in nondiagnostic image quality in 5 patients (4%). In all 17 healthy subjects the target heart rate was achieved and diagnostic images were acquired. Overall, no severe adverse events were recorded. The demographics of our patients are summarized in Table 1 .
Results of Coronary Angiography
Coronary angiography showed Ն50% stenosis in 101 of 303 coronary vessels (33%), including 44 vessels with left anterior descending, 30 with left circumflex, and 27 with right coronary artery lesions. On a patient level, 64 (63%) patients had CAD by angiography, including 32 with single-vessel, 27 with 2-vessel, and 5 with 3-vessel disease.
Detection of CAD by SENC Versus Cine Imaging
Analysis by Vessels On a coronary vessel level, SENC detected inducible ischemia in 86 of 101 versus 71 of 101 diseased coronary vessels (sensitivity of 85% by SENC versus 70% by cine, PϽ0.01), and showed normal strain response in 189 of 202 versus 194 of 202 vessels with Ͻ50% stenosis (specificity of 94% by SENC versus 96% by cine, PϭNS) ( Table 2) .
Analysis by Patients
On a patient level, SENC detected inducible ischemia in 63 of 64 versus 55 of 64 patients with CAD (sensitivity of 98% by SENC versus 86% by cine, PϽ0.05) and showed normal strain response in 32 of 37 versus 34 of 37 patients without CAD (specificity of 86% by SENC versus 92% by cine, PϭNS). Thus, SENC detected abnormal strain response in 8 additional patients, who were missed by cine, whereas no patients were correctly diagnosed with CAD by cine and missed by SENC. Furthermore, cine and SENC showed similar diagnostic characteristics for ischemia detection in patients with or without resting WMA (Table 2) . Figure 2 illustrates a patient in whom wall motion analysis correctly detected stress-induced ischemia in the left anterior descending, but in contrast to SENC, overlooked ischemia in the left circumflex perfusion territory.
Quantitative Assessment of Strain Response During DS-MRI
Segments in healthy volunteers and in nonischemic segments (supplied by vessels with Ͻ50% diameter stenosis) had significantly higher strain/SR response during inotropic stimulation compared with ischemic segments (Figure 3A and 3C). Further differentiation showed that ischemic segments without new/worsening WMA during stress had significantly higher strain and SR response compared with those with WMA ( Figure 3B and 3D) . Weak, albeit significant, correlations were observed between the stenosis severity on coronary angiograms with SR reserve and with S reserve (PϽ0.001 for both) ( Figure 4A and 4D) . Interestingly, segments with new/worsening WMA on cine images were located at the bottom right corner (purple dots within the hatched red circles in Figure 4A and 4D) , showing higher degree of stenosis (87Ϯ9% versus 68Ϯ11 diameters stenosis, PϽ0.001) and lower SR reserve (0.92Ϯ0.33/second versus 1.41Ϯ0.33/second, PϽ0.001). Thus, a considerable amount of segments, which was classified as "normal" by wall motion readings, had impaired SR reserve by quantitative analysis (dotted red square in Figure 4D ). SR reserve was reduced already with moderate coronary stenosis (41% to 60%), whereas a significant reduction in S reserve required higher grade stenotic lesions (Ͼ60%) ( Figure 4B and 4C) . Receiver operating characteristics analysis showed that SR reserve , using a cutoff value of SR reserve Ͼ1.64 is a highly accurate parameter for the detection of anatomically significant coronary artery stenosis of Ն50% (area under the curve, 0.96; SE, 0.01; 95% CI, 0.94 to 0.98; PϽ0.001; Figure 4C and 4F; Table 2 ). Pair-wise comparison Differentiating between segments with (nϭ72 in 25 patients with prior myocardial infarction) versus segments without resting WMA, SR reserve correlated in both groups with stenosis severity (Figure 5A and 5C) and detected anatomically significant CAD with similarly high sensitivity and overall accuracy ( Figure 5B and 5D and Table 2 ).
Observer Agreement and Variabilities
Agreement between observers interpreting wall motion on cine images and myocardial strain on SENC images was 87% (ϭ0.78) versus 84% (ϭ0.75), respectively, on test positivity versus test negativity and 86% (ϭ0.77) versus 83% (ϭ0.73), respectively, for visual scoring of regional wall motion on cine and of color shades on SENC images. SENC allowed for reproducible quantification of regional myocardial strain, showing relatively low intra-and interobserver variabilities (8.1% and 12.2% for strain and 9.7% and 13.1% for SR, respectively).
Discussion
The results of our study comprise (1) the ability of SENC to objectively assess and quantify regional myocardial strain during DS testing and (2) enhanced sensitivity of strainencoded imaging for the detection of anatomically significant CAD compared with conventional wall motion reading. In particular, impaired SR response is a highly sensitive marker of inducible ischemia, which seems to occur early in the ischemic cascade preceding the development of inducible WMA. Previous studies used objective echocardiographic methods like tissue Doppler and SR imaging to evaluate strain response during DS, 5 demonstrating higher accuracy than 2D echocardiography for the detection of ischemic myocardium. These techniques are generally associated with higher temporal resolution of Ͼ100 frames/second, compared with that provided by regular tagged MR sequences (Ͻ30 frames/ second). The acquisition of tagged images on the other hand requires long series of breath holds, which may not be feasible in some patients. However, echocardiographic strain imaging is associated with problems that are inherent in the use of Doppler and are related to signal noise and angle dependency, particularly in the apical segments. 17 Both imaging modalities, however, have potential for technical im- .38) and for SR reserve (D; r 2 ϭ0.56). SR reserve was reduced already with moderate coronary stenosis (E), whereas a significant reduction in S reserve required higher grade stenotic lesions (B). Receiver operating characteristics analysis showed that SR reserve , with a cutoff value of SR reserve Ͼ1.64, is a highly accurate parameter for the detection of coronary artery stenosis Ն50% (F). AUC indicates area under the curve.
provements. Thus, speckle tracking methodologies have been recently introduced, which avoid the angle dependency of the conventional Doppler techniques. 18 Newer MR techniques on the other hand, allow the quantitative assessment of regional myocardial strain within a single heart beat with fast SENC sequences, obviating the need of prolonged breath holds. 7 Furthermore, correction of through plane motion was recently demonstrated with SENC. 19 This may allow for even more accurate estimation of regional myocardial strain in future studies.
Although DS-MRI is a feasible and widely available technique for the detection of stress induced ischemia, objective approaches for the quantification of strain response during DS-MRI have been very limited so far. Paetsch et al 20 previously reported on the value of a diastolic parameter to detect ischemia during low-dose inotropic stimulation. Kuijpers et al 21 on the other hand, demonstrated that the use of myocardial tagging during high-dose DS-MRI adds incremental value to conventional wall motion analysis for the detection of inducible ischemia. However, the analysis of tagged MR images was purely based on visual assessment of the in-plane movement of the tags, whereas a quantification analysis of myocardial strain was not performed. Despite the use of newly introduced harmonic phase concepts to analyze regional strain, the time-spent required for the analysis of tagged images is still higher than that needed for SENC. 7 In our study, the direct color-coded visualization of myocardial strain allowed for the objective detection of "subtle" differences in regional myocardial strain during high-dose DS-MRI, yielding significantly higher sensitivity for the detection of CAD, both by coronary vessel and by patients, compared with conventional wall motion readings. Furthermore, quantification of myocardial strain during the inotropic challenge showed that particularly SR is a highly sensitive marker for the detection of ischemic myocardium, which may precede the development of WMA in the ischemic cascade. Thus, SR reserve already decreased with moderate coronary lesions and in the absence of new WMA. This is in accordance with data from echocardiographic studies, demonstrating a significant relation between SR and functional significance of coronary artery stenosis 22 and with experimental data, which showed that SR but not strain values are related to regional contractility independent of the heart rate. 23 In addition, inducible diastolic dysfunction during intermediate stages of inotropic stimulation (time to peak untwist and diastolic rotation velocity) 20 may be another early marker of inducible ischemia in patients with CAD, which may merits further investigation in future studies.
Quantification of myocardial strain was assessed in the circumferential direction from long-axis SENC images, because circumferential shortening is considered to be more sensitive compared with longitudinal and radial strain for the detection of abnormal myocardial function in human 24 -26 and in experimental studies. 27 In agreement with these observations, in our study, the circumferential SR allowed for the more precise detection of ischemic myocardium during inotropic stress compared with the assessment of wall thickening by the human eye, which is more equivalent to radial strain. Especially in segments with resting WMA, where the visual recognition of worsening wall motion represents a challenge even for experienced readers, quantification of circumferential SR identified subtle changes in contractile reserve and proved almost as accurate for the detection of ischemia, as in segments without resting WMA.
In accord with general recommendations for stress testing, dobutamine infusion was discontinued when newly developed or of worsening WMA occurred. Therefore, in patients with multivessel disease, segments assigned to the "less severe" coronary stenosis may have been classified as "normal," although supplied by Ͼ50% stenotic coronary lesions. In agreement with this assumption, sensitivity of both cine and strain-encoded imaging was relatively low when assessed on a coronary territory vessel in patients with multivessel disease. However, when all 3 territories were considered on a patient level, which is most meaningful for clinical decision making, sensitivity was higher and in agreement with the current literature.
Limitations
The number of healthy volunteers was relatively low, whereas coronary angiography was not performed to exclude CAD. However, due to the high diagnostic accuracy of DS-MRI on a patient level, in combination with the low-risk profile of these subjects, it is unlikely that subclinical atherosclerotic disease influenced the calculations on strain/SR reserve in these subjects. Furthermore, most of our patients was male and showed high-grade coronary lesions by angiography. This may represent a potential limitation for extrapolation of our findings in a population with lower pretest probability for CAD. As part of the present protocol, in contrast to cine images, SENC was not performed during every stage of inotropic stimulation. Therefore, segments exhibiting a biphasic response were only considered on cine, but not on SENC images. Furthermore, both spatial and temporal resolution of SENC was relatively low, whereas the estimation of radial strains was not possible with this sequence. Therefore, our method comparison may suffer from a methodological mismatch, in that visual assessment of wall motion may be most sensitive to changes in radial thickening, whereas SENC was used to quantify only circumferential shortening. In addition the apical cap (segment 17) was excluded from analysis, which may have lead to an underestimation of both SENC and cine for the detection of inducible ischemia. The significance of the current findings, however, now warrants the initiation of multicenter trials, where technical improved SENC sequences (ie, with higher temporal and spatial resolution and with through-plane motion tracking 19 ) should be applied in a large population and possibly during intermediate stages of inotropic stimulation. Nondiscontinuation of antianginal medications prevented the achievement of the target heart rate in 4 of 114 (Ͻ5%) consecutive patients despite maximal pharmacological stimulation. However, the target-rate rule was applied in all 101 subjects, which constituted our patient population. The normal left ventricle is characterized both morphologically and functionally by a high degree in regional nonuniformity, attributed to variations in transmural fiber orientation and local differences in ventricular morphology. 28 The investigation of regional heterogeneity in strain/strain response on SENC images, however, was beyond the scope of this study and merits further investigation in future trials.
Conclusions
Because of its tomographic nature, MRI allows for sequential acquisition of identical slices (each segment at baseline serves as its own control during peak stress), providing the reproducible and accurate assessment of SR response during DS testing. This is, to our knowledge, the first study to demonstrate that the direct color-coded visualization of strain on MR images is a useful adjunct for DS-MRI, which provides incremental value for the detection of CAD compared with conventional wall motion analysis on cine images. Particularly, an impaired SR reserve seems to be a highly sensitive and accurate marker for the detection of ischemic myocardium during inotropic stimulation.
CLINICAL PERSPECTIVE
The assessment of inducible regional wall motion abnormalities during high-dose dobutamine stress MRI is an established clinical method for the evaluation of patients with coronary artery disease (CAD). However, the assessment of cine images relies on subjective interpretation of regional wall motion, and objective approaches for the detection of inducible ischemia with dobutamine stress MRI are lacking. We used strain-encoded MRI for the objective color-coded evaluation of regional myocardial strain during dobutamine stress MRI in a cohort of subjects with suspected or known CAD (nϭ101). Strain-encoded MRI yielded significantly higher sensitivity than visual wall motion analysis (85% versus 70%, respectively; PϽ0.01) for detection of obstructive CAD as assessed by coronary angiography. In addition, strain-encoded MRI identified significant CAD in 8 subjects that were missed by visual wall motion analysis (PϽ0.05). Quantification analysis demonstrated that impaired strain rate response during dobutamine stress MRI is a highly sensitive marker of inducible ischemia, which seems to occur earlier in the ischemic cascade than wall motion abnormalities. The increased sensitivity of strain-encoded MRI may help with the evaluation of patients with known or suspected CAD.
